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Abstract 
Precipitation is the significant climatic variable that governs the availability of water resources in the country, 
Ethiopia, but it is highly erratic and variable in spatial-temporal scales. The purpose of this paper was to analyse 
trends and variability of rainfall at seasonal to annual sales in the Ziway Lake Watershed. The non-parametric 
Mann-Kendall (MK) and Sen’s Slope (SS) estimation were used to detect the trends and compute the magnitudes 
of slopes respectively. The Coefficient of Variation (CV) was employed to reveal the variations in rainfall. The 
spatial interpolations mapping was made by using IDW (Inverse Distance Weighting). The results revealed that 
the western Ziway Lake watershed had experienced more rainfall variability than the eastern Ziway Lake 
watershed. The results also indicated that the annual and summer rainfall did not exhibit significant evidence of a 
monotonic trend. On the other hand, almost all rainfall stations in the spring season revealed decreasing trends 
(significant and non-significant), for instance, there are three stations (Ogalcho, Butajira, and Koshe) showed 
significantly decreasing trends at 5% of significant level and the two stations (Kulumsa and Meki) indicates 
significantly decreasing trends at 10% significant level. Moreover, the magnitudes of slope (changes in mm/year) 
estimated by SS for stations in the spring season that display significantly decreasing trends were as follows: -
8.702, - 6.58, -4.018, and -3.681,-3.667 for Butajira, Koshe, Kulumsa, Ogalcho, and Meki respectively. Droughts 
can be expected to increase if the decline precipitation trend continues. This could lead to over-exploitation of the 
water resources. The similarities in patterns of the intra-annual variability of precipitation and river discharges 
imply that any changes in rainfall pattern would have effects on water availability. The results of this investigation 
can significantly contribute to guiding water managers and decision-makers for more efficient water resources 
planning and management. 
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1. Introduction 
Precipitation is the primary source of surface water and groundwater, the changes in rainfall directly affect the 
total amount of water resources, and it is of considerable significance to analyse and study the characteristics and 
rules of changes of precipitation to improve the utilization of water resources (Yilinuer et al., 2020). Moreover, 
Wakachala et al. (2015) noted that rainfall variability is a crucial aspect of the climate regime of any place that 
affects crop and animal production, particularly in areas dependent on rain-fed cultivation systems. Rainfall data 
analysis can help provide information to assess climate risks, potential impacts, and better target attendant 
interventions in the Great Rift Valley of Kenya. 
Ethiopian Rift Lakes are suffering from overexploitation of water and environmental changes; however, 
climatic changes play important role in changing the lake level (Legesse et al., 2004; Alemayehu et al., 2006).  
There are previous studies in the RVLB, linking the lakes level fluctuations to climatic variability (Ayenew, 2002; 
Wagesho et al., 2012; Jury, 2014; Belete et al., 2015; Seyoum et al., 2015), these imply that lakes are particularly 
vulnerable to climate variability due to their dependence on climatic variables such as precipitation, evaporation, 
and temperature. 
The floor of the Ethiopian rift is occupied by a series of lakes fed by large perennial rivers originating from 
the highlands. The main source of water to the rift lakes and rivers is the rainfall in the eastern and western 
highlands (Ayenew, 2007). There have been some studies over Central Ethiopian Rift Lakes (CRV) examining 
precipitations variability and testing the temporal trends at annual bases (Seyoum et al., 2015; Bewketu and 
Ayenew, 2015; Takele et al. 2019). Therefore, the present study focused on the analysis of rainfall variability and 
trends at annual to seasonal scales. Moreover, the spatial distribution analysis through interpolation mapping has 
been included in order to understand the areal variations. 
The analysis of the spatial and temporal distribution and changing patterns in rainfall is paramount important 
for the planning and management of water resources. This analysis is crucial to improve the utilization of water 
Journal of Environment and Earth Science                                                                                                                                        www.iiste.org 
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online)  
Vol.10, No.10, 2020 
 
20 
resources and for better understanding problems which indicate the causes that have been considered as indicative 
and visibly displaying the alarming situation. 
 
2 Materials and Methods 
2.1 Description of the Study Area 
2.1.1 Geographical Location 
This study focused on Lake Ziway watershed which is found in the Great East African Rift Valley lakes of Ethiopia 
and located geographically 38°0’E & 39030’E longitude and 7015’N & 8°30’N latitude and having a total 
geographical area of approximately 7300Km2. The lake is found in the Rift Valley Lakes Basin (RVLB) which is 




Figure 1:  Location map showing the lake Ziway and its watersheds, Topographic feature based on DEM, Rainfall 
Stations, Rivers,  the Rift Valley Lakes Basin and Ethiopia with 12 basins (1=Mereb, 2= Tekeze, 3=Denakil, 
4=Abbay, 5=Awash, 6=Ayisha, 7=Baro Akobo, 8=Omo Gibe, 9=Rift Valley, 10=Genale Dawa, 11=Wabi 
Shebelle and 12=Ogaden). 
2.1.2 Topographic Features and Climate of the Study Area 
The catchments of Ziway-Abijata Lakes have three physiographic regions: the rift floor, escarpment, and highland. 
The climate is humid to sub-humid in the highlands and semi-arid in the rift valley.  The mean annual temperature 
is around 15°C in the highlands and 20°C in the rift valley (Ayenew, 2002). The topographic feature using the 
Shuttle Radar Topography Mission Digital Elevation Model (SRTM DEM) with 30m resolution 
(https://www.usgs.gov/) for Ziway Lake and its catchment is shown in Figure 1. The maximum and minimum 
heights within the GIS topographic map area are 4189 and 1624 (m.a.s.l) respectively (Figure 1). The highest 
points are located in the Eastern Arsi and Western Gurage Mountains respectively whereas the lowest point is in 
Journal of Environment and Earth Science                                                                                                                                        www.iiste.org 
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online)  
Vol.10, No.10, 2020 
 
21 
the rift floor close to the lake.  From Figure 1, we can observe that the highlands are the sources of the main rivers 
(Meki and Katar) which are flowing into Lake Ziway. 
Ethiopia’s rainfall climatology is determined mainly by seasonal changes in large-scale circulation, part of 
which involves the seasonal north–south movement of the intertropical convergence zone (ITCZ) (Korecha and 
Barnston, 2007).  The passage of the ITCZ gives rise to the bimodal rainfall pattern in southern Ethiopia (Belg and 
October, November, December), and the monomodal pattern in the north (Kiremt) (Diro et al., 2008).  
Based on the time series data from 1985 to 2015, the study area receives annual rainfall between 598mm and 
1091mm with an average of 813 mm. The average monthly rainfall is 182.84 mm for the wettest month (July) and 
8.07 mm for the driest month (December). The study area is characterized by a mono-modal pattern with one 
rainfall maximum i.e. July (Figure 2). In this study, the seasonal analyses of rainfall were carried out for summer 
(June-September) which is locally called the Kiremt rainfall season, and for spring (February-May) which is 
locally called the Belg rainfall season. 
 
Figure 2: Monthly mean precipitation of Ziway watersheds for the period of 1985-2015 
 
2.2 Data and Methodology  
2.2.1 Datasets 
Meteorological and hydrological time series data were sampled from the National Meteorological Agency (NMA) 
and the Ministry of Water, Irrigation, and Energy (MoWIE) respectively. The spatial distribution of the rainfall 
stations indicated in Figure 1. In developing countries hydrometric networks are limited (Raphael et al., 2011; 
Maxime et al., 2012) and hence the rain gauges are sparsely and unevenly distributed primarily over the study area 
and there are missing values for the available collected data for a few stations. Moreover, Dink (2019) also noted 
that existing stations in the country, Ethiopia, are unevenly distributed with most of the stations located in cities 
and towns along the main roads.  
Hence, in this paper, the missing values with less than 10% have been estimated by using Correlation 
Coefficient Weighting (CCW) (Teegavarapu, 2009; Michael et al., 2012; Alonso et al., 2018). In this approach, 
missing data from target station are determined from the values observed in neighboring stations weighted by the 
Pearson’s correlation coefficient between the target and the neighboring stations. 





Where, 𝑟 is the Pearson’s correlation coefficient between the precipitation series of the neighboring station 
i and the incomplete series of the target station m,  𝑥  is the rainfall value observed at station i. 
2.2.2 Mann–Kendall (MK) test 
The non-parametric Mann–Kendall is a useful nonparametric technique to analyse the significance of monotonic 
trends in hydro-meteorological variables (Mann, 1945; Kendall, 1975). It is the most common trend analysis and 
applicable in several studies (e.g. Love et al., 2010; Tesemma et al., 2010; Tekleab et al., 2013; Belihu et al., 2018). 
Therefore, in this study, the MK test was employed to investigate the presence of significant trends for 
meteorological variable i.e., precipitation.  
The MK test checks the null hypothesis of no trend versus the alternative hypothesis of the existence of 
increasing or decreasing trend. The null hypothesis H0 is that a sample of data 𝑋 , 𝑖 1, 2 …𝑛 is independent and 
identically distributed. The alternative hypothesis H1 is that a monotonic trend exists in X. 
The Mann–Kendall test statistics S is calculated from the following equation: 
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𝑠𝑔𝑛 𝑋 𝑋 =
1 𝑖𝑓 𝑋 𝑋 0
0 𝑖𝑓 𝑋 𝑋 0
1𝑖𝑓 𝑋 𝑋 0
……………….…………..……………..………(2) 
 
where n is the number of observations. For independent and randomly ordered data for large n, the S statistics 
approximate a normal distribution with mean E(S) =0 and a variance, V(S) is calculated as: 
𝑆
∑  ……..……………………………..… (3) 
where tm is the number of ties of extent m. The significance of a trend is tested by comparing the standardized test 






⎧  𝑖𝑓 𝑆 0
0          𝑖𝑓 𝑆 0
 𝑖𝑓 𝑆 0
…………………………………………...…………...………(4) 
In the equation (4), positive values of Z statistics indicate a positive trend (an increasing trend), while negative 
Z values indicate a decreasing trend. If the standardized statistic |Z| > 2.58, the trend is significant at the 99% 
confidence level; if the standardized statistic |Z| > 1.96, the trend is significant at the 95% confidence level; if the 
standardized statistic |Z| > 1.65, the trend is significant at the 90% confidence level, and vice versa (Farlie, 1971). 
For example, the null hypothesis of no-trend is rejected, and alternative hypothesis of significant trend is accepted, 
if it is tested at 95% confidence level. It means that the trend is statistically significant at α =95% when the absolute 
value of Z is higher than 1.96. 
2.2.3 Sen’s Slope (SS) Estimator 
In addition to trend detection, it is essential to estimate the trend magnitude. Therefore,  The slope of rainfall (i.e., 
change in rainfall over time) was estimated by using Sen’s Slope Estimator developed by Sen (1968) which was 
applied in various studies (eg.,  Kumar et al., 2009; Khattak et al., 2011; Abiyot and Dwarkish, 2020). It is a non-
parametric method, assuming that it follows a linear trend of the form f(t)=Qt + B, where ‘Q’ is the trend given by 
the slope in units time, ‘B’ is the intercept and ‘t’ is the time.  
Here, the slope (Qi) of all data pairs is computed as:  
Q =   …………………………………………………………………………..(5) 
 for i=1, 2…., N, where Xj and Xk are considered as data values at time j and k (j>k) correspondingly.  
  
The median of these N values of Qi’s represented as Sen’s estimator of slope which is given as: 
Q
Q               N is odd
Q Q  N is even
……………………………………………………....(6) 
Positive value of Qi indicates an upward or increasing trend and a negative value of Qi gives a downward or 
decreasing trend in the time series. 
2.2.4 Precipitation Variability Analysis 
Coefficient of variation (CV) is a measure of how the individual data points vary about the mean. A greater value 
of CV is the indicator of larger variability, and vice versa.  According to Hare (1983), CV is used to classify the 
degree of variability of rainfall events as less, moderate and high. When CV < 20% it is less variable, CV from 
20% to 30% is moderately variable, and CV > 30% is highly variable. Areas with CV > 30% are said to be 
vulnerable to drought. This can be applied in various studies (Teyso et al., 2016; Tamirat, 2018; Zannat et al., 
2019).  Therefore, in this study CV was used to identify the variations in annual and seasonal rainfall. It is estimated 




Where, CV is the coefficient of variability, S is standard deviation and µ is mean. 
2.2.5 Spatial Distribution Analysis  
Most meteorological data in Ethiopia is inconsistent, unrecorded, or missing, leading to more discrete and 
unreliable datasets for analysis, this request for use of data reconstruction through interpolation methods 
(Suryabhagavan, 2017).  Therefore, in this paper, mapping the spatial annual to seasonal variability of precipitation 
in the catchments was analysed by using the Inverse Distance Weighting (IDW) interpolation. The computation 
was made by using ArcGIS software. Lu and Wong (2008) noted that the IDW method was used to interpolate 
spatial distribution of rainfall. It is based on the assumption that the weighted average of known values within the 
neighborhood is used to estimate the value of a non-sampled point.  Moreover, Zannat et al. (2019) also pointed 
out that IDW is a very flexible spatial interpolation method. It is easy to use to interpolate spatial distribution.  
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3. Results and Discussion 
3.1 Analysis of Annual and Seasonal Rainfall Variability 
In this study, the coefficient of variability (CV) was calculated for the annual and seasonal rainfalls in order to see 
how variable they are.  From table 1, in annual rainfall, we can observe that the percentage of CV is ranging from 
11.7 %(Kulumsa)-29.9 %(Butajira and Ogalcho) per year. In the summer season, there are only two stations 
categorized under highly variable, namely Butajira(30.6%) and Ogalcho(38.7%). The spring season is highly 
variable (CV > 30) for all rainfall stations. The greater rainfall variability and more chances of occurrence of 
drought can be associated with the high value of CV. 
Table 1: The values of Coefficients Variability (CV) for annual, summer and spring season rainfalls 
                       Station 
Name 
Annual Rainfall Summer Rainfall Spring Rainfall 
 CV 
(%) 
Classification  CV 
(%) 




























































































CV= Coefficient of Variability 
The spatial interpolations maps for annual and seasonal rainfalls have shown in figures 3, 4, and 5. The 
interpolations were made by using the deterministic method i.e., IDW.  From these figures, we can observe that 
the western Ziway Lake watershed (Meki River watershed) had experienced more rainfall variability in annual 
and seasonal rainfalls than the eastern Ziway Lake watershed (Katar River watershed). Moreover, in Figure 5, it 
can be seen that the large portions of variability are accounted for during the short rainfall season (spring) which 
is ranging from 34.7-53.9%. This result consistent with a study conducted by (Seleshi and Zank, 2004; Diro et al., 
2008; Suryabhagavan, 2017) and they concluded that the spring rainfall is highly variable in Ethiopia. The analysis 
of the coefficient of variability also showed that rainfall in this study area was erratic for the last 31 years (1985-
2015). 
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Figure 3: The spatial annual rainfall variability based on the values of CV in the study area  
 
Figure 4: The spatial summer rainfall variability based on the values of CV in the study area  
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Figure 5: The spatial spring rainfall variability based on the values of CV in the study area  
 
3.2. Trend Analysis  
As indicated in Table 2, the annual rainfall for all stations doesn’t show any significant decreasing or increasing 
trends. This analysis is also consistent with the previous study conducted by (Seyoum et al., 2015; Bewketu and 
Ayenew, 2015; Takele et al., 2019). They concluded that there were no statistically significant trends at the annual 
base in the study area.  In Table 2, we can observe that out of 11 stations, 7 are decreasing trends in annual base 
although they are statically non-significant.  Moreover, in this table, it can be observed that in the summer season 
(long rainy season), out of 11 rainfall stations, 7 are non-significantly increasing trends. The increased total 
summer rainfalls suggest the increasing importance of freshwater storage in the lake and water harvesting in the 
area.  
 On the other hand, regarding the spring season (the short rainfall season) almost all rainfall stations shows 
more negative than positive trends across the catchments. Based on MK tests, there are three stations that indicate 
statistically significant a decreasing trend at a 95% confidence level during the spring season. These are Ogalcho, 
Butagira, and Koshe.  Moreover, Meki and Kulumsa rainfall stations show statistically significant decreasing 
trends at a 90% confidence level during this season. 
Sen’s Slope(SS) is also demonstrating increasing and decreasing magnitude of slope in correspondence with 
the MK Test values. For example, in table 5, we can observe that for the rainfall stations in the spring season that 
display the significant decreasing trends. Moreover, the magnitudes of slope (changes in mm/year) estimated by 
SS for rainfall stations in the spring season that display significantly decreasing trends were as follows: 
 -8.702, -6.58, -4.018, -3.681 and -3.667 for Butajira, Koshe, Kulumsa, Ogalcho, and Meki respectively. The 
results suggest a decreasing rainfall showed more drying conditions (drought) within the catchments of Ziway 
Lake. That makes the area more prone to drought conditions. 
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Table 2: Applying MK and SS statistic trends tests for detecting the significance of the trends for annual and 





Annual  Rainfall Trends Belg(Spring) Rainfall Trends Kiremt(Summer) 
 Rainfall Trends 
Kulumsa MK -0.646 -1.699* 0.459 
SS -1.075 -4.018 0.572 
Assella MK -0.272 -0.884 0.204 
SS -0.611 -1.86 0.3 




SS -0.483 -2.87 -0.13 
Ogalcho MK -1.39 -2.074** -0.272 
SS -5.436 -3.681 -0.838 
Butajira MK -0.748 -2.312** 0.408 
SS -5.947 -8.702 2.083 
Buei MK 0.952 -0.238 1.224 
SS 3.9 -1.017 3.172 
Meki 
 
MK -0.782 -1.836* -0.952 
SS -2.35 -3.667 -1.804 
Ziway MK 1.122 -1.224 1.156 
SS 4.024 -2.94 2.68 
Koshe MK -1.461 -2.31** -0.815 
 SS -6.531 -6.58 -2.57 
Ejerssa Lelle MK 0.884 -0.679 1.122 
SS 3.3375 -1.24 3.04 
Sagure MK 0.068 0.102 1.189 
SS 0.574 0.255 1.897 
Siginificant at P<0.10*,  P<0.05** and  P<0.0. Here we noted that *, **, ***, indicate at 10%, 5%, and 1%, 
significant levels respectively. 
 
3.3 Water Resources Implications 
The agricultural activities in Ethiopia are mainly rain-fed and hence understanding the spatial and temporal 
variability of precipitation is paramount important.  Droughts can be expected to increase if the decline of 
precipitation trend continues. This could lead to increased human influences based on the high abstraction of water 
(water is withdrawn) for irrigation practice (agricultural activities) from the lake and Feeder Rivers.  
The previous studies conducted by (Halcrow & Partners, 1989; Legesse et al., 2004; Seyoum et al., 2015), 
noted that human abstraction (industrial and agricultural) from the lakes and the tributaries in the Ethiopia Central 
Rift Valley started in the early 1980s and has increased with time. Moreover, Zinabu and Elias (1989) concluded 
that the irrigation in Lake Ziway watershed is a year-round process; its effect on the water level is magnified, 
especially during times of low precipitation. 
Meki and Katar rivers are the main inflow into Lake Ziway whereas Bulbula River is the outflow of Ziway 
Lake. Figures 6 and 7 depict the intra-annual variability of precipitation and river discharges in the period of 1980-
2010. Hence, the main rivers (Meki and Katar) in the catchments show in a similar pattern with the areal 
precipitations. Both are larger in the rainy season i.e. from June-September (JJAS). The similarities in patterns in 
the river discharges and rainfall indicated that rainfall as inputs for the hydrological cycle (precipitation-driven 
hydrologic processes).   
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Figure 6: Intra-annual distributions of stream flow and precipitation in Katar Watershed 
(Eastern Ziway Lake) from 1980-2010 
 
 
Figure 7: Intra-annual distributions of stream flow and precipitation in Katar Watershed 
(Eastern Ziway Lake) from 1980-2010. 
The Ziway Lake receives water flows mainly from two rivers: Meki and Katar and discharges into the Bulbula 
River from a narrow outlet in the south of the lake (see Figure 8). Bulbula River is the outflow of Lake Ziway and 
drains into Lake Abijata. It drains in the catchment of Abijata Lake and its flows depend on the water level of 
Ziway Lake. Bulbula River is the main source water for Abijata Lake but currently, this river is diminished due to 
the high abstraction of water for irrigation and industrial water uses. 
 
Figure 8: The hydrological connection of Lakes Ziway and Abijata via Bulbula River. 
Figure 9 depicts the intra-annual variability of the Ziway Lake water level and Bulbula River discharges. 
They are highly interrelated. From this figure, we can also observe that the water level of Ziway Lake and Bulbula 
River are enlarged during the long rainy season (summer). Inconsistency of rainfall is one of the factors which 
govern the degradation of the lake and Feeder Rivers since the water abstraction is common during low rainfall 
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during low rainfall months. 
 
Figure 9: The Mean Monthly fluctuation of Ziway Lake water level and Bulbula River for the period of 1980-
2010. 
The irrigated areas in the Ethiopian CRV are sustained by abstracting the higher amount of water from Lake 
Ziway (up to 31%) than other water resources like the Katar River (27%), groundwater (25%), Meki River (11%), 
Bulbula River (4%) and spring water (2%) (Ester, 2010).  Hence, Ziway Lake has been extensively exploited 
during the past decades due to irrigation water abstraction. 
According to the water user inventory report during 2016, there were 5202 motor pumps with different sizes 
and discharge rates counted in catchments of Ziway and Abijata lakes (RVLBA, 2016).  The majority of them 
were located in the vicinity of Lake Ziway. Moreover, in the study conducted by Ayenew(2002), the depth of 
groundwater close to Ziway Lake was in the range of 2-3 m, but recently it becomes greater than 5m(RVLBA, 
2016). This implies that the lake has also been exploited due to intensive groundwater pumping activities. The 
main recharge zone of the Abijata Lake is the watersheds of Lake Ziway. However, the Ziway lake recharge zone 
or has fallen prey to encroachment and groundwater abstractions. Therefore, Legesse and Ayenew (2006) 
investigated that the rift lakes are interconnected with surface and subsurface waters.                                                      
 
4. Conclusions 
The Ethiopian Rift Valley Lakes have been reported to be deteriorating in the recent past. The inflows to the lakes 
and their feeder rivers have also reduced and the water resources have become environmentally very vulnerable. 
Due to the fact that the study area is under precipitation-driven hydrologic processes, it is very crucial to study and 
understand the rainfall trends and variability. Rainfall variability is an important aspect of the climate regime of 
any place.  In this study Coefficient of Variation (CV) was used to identify the variations in annual and seasonal 
rainfall. The spatial interpolations mapping has shown that the western Ziway Lake watershed (Meki River 
watershed) had experienced more rainfall variability in annual and seasonal rainfalls than the eastern Ziway Lake 
watershed (Katar River watershed). The analysis also revealed that almost all rainfall stations exhibit highly 
variable during the spring season with the CV values greater than 30%.  
In this study, the non-parametric Mann-Kendall (MK) and Sen’s Slope (SS) statistic tests were applied to 
assess the significance of the trends in the precipitation variability at annual and seasonal scale (summer and spring 
season). The MK test indicates that the annual and summer rainfall doesn’t show any significant trends for all 
stations.  But in the spring season, there are three rainfall stations that show significantly decreasing trends at 5% 
of a significant level. These stations are Ogalcho, Butajira, and Koshe. Moreover, significantly decreasing trends 
observed at a 10% significant level for two stations, namely, Kulumsa and Meki. The remaining stations revealed 
that no clear significant trends.  Moreover, the magnitudes of slope (changes in mm/year) estimated by SS for 
rainfall stations in the spring season that display significantly decreasing trends were as follows: -8.702, -6.58, -
4.018, -3.681, and -3.667 for Butajira, Koshe, Kulumsa, Ogalcho, and Meki respectively. 
 In general, the spring seasons rainfall showed highly variable and decreasing trends. This leads to higher 
exploitation of surface water (lakes and rivers) and groundwater during this season.  The results also revealed that 
the observed deteriorations in water resources over the last few decades are the consequences of both climatic and 
human activities. These findings may contribute to complement the understanding of the roles precipitations 
variability and trends for the deterioration of the lakes and Feeder Rivers. It can be suggested for further studies to 
consider the variability of hydrological parameters (precipitation, streamflow, and lake water level) linking with 
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